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INTRODUCTION. 


Ir is well known that in many insects there are fewer Malpighian tubules in 
the young stages than in the adults. In some forms the difference is consider- 
able; in Blatta orientalis, for example, only 4 are present at the time of hatching 
whereas the adult female may have 186; in Forficula auricularia the corres- 
ponding numbers are 4 and 20. No attention appears to have been given to 
the mode of origin of these additional tubules or to their rate of increase. 

In the Lepidoptera it has been shown (Henson 1932) that the structural 
relationships of the tubules to the alimentary canal indicate that they are 
endodermal derivatives and that in their development they are associated 
with the anal half of the blastopore. Anatomical relationships are very different 
in Blatta, and it is necessary to determine to what extent there is agreement 
with these deductions. 

Similarities between the embryonic and post-embryonic development of 
the tubules in Blatta and the development of the imaginal tubules in the pupa 
in Hymenoptera show that certain aspects of the theory of metamorphosis 
‘must be considered. Explanations based on conceptions of imaginal rudiments 
are not adequate, and the development of Malpighian tubules provides much 
evidence for an alternative hypothesis. ee 


II. Marertat AND Metuops. 


Cockroaches were collected from their natural haunts and dissected in 
saline solution or 30% alcohol. The latter was particularly useful in preventing 
the tubules from sticking to the needles during counting. For microscope ~ 
preparations specimens were fixed in Carnoy’s fluid, double embedded in celloi- 
din and wax, and stained in Delafield’s haematoxylin and Orange G. Iron 
haematoxylin, using the short method, also gave good results. 
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III. ANATOMY OF THE TUBULES. 


The Malpighian tubules of the cockroach are arranged in six groups, opening 
into the alimentary canal at the posterior end of the mesenteron very close to 
its junction with the hind-gut. A slight swelling is formed by the close approx1- 
mation of the bases of the individual tubules and marks the junction of each 
group with the mesenteron. In nymphs, except for a few days after each 
ecdysis, small young tubules project from the posterior side of each group 
(fig. 1, A). ; 

Direct observation of the orientation of the six groups is not possible 
because of the twisting and coiling of the gut. However, the groups are 
opposite the six lines of attachment of the transverse muscles of the hind-gut 


Fie. 1.—General anatomy. A, Dorsal view of the tubules in a nymph; B, Alimentary 
canal and tubules in a newly hatched nymph. An = anus, C = crop, G = gizzard, 
Hg = hind-gut, Il = ileum, LAM = line of attachment of transverse muscles, LDT = 
left dorsal tubule, LT = lateral tubule, LVT = left ventral tubule, Mg = mid-gut, 
R ee ae RDT = right dorsal tubule, RVT = right ventral tubule, YT = young 
tubule. 


and therefore occupy dorso-lateral, lateral, and ventro-lateral positions (fig. 
1, A). In brief there is a dorsal, lateral, and ventral group on each side. 

In the newly hatched cockroach there are only four tubules, occupying the — 
two dorsal and two ventral positions. These lie in constant positions in the 
body cavity (fig. 1, B); the ventral pair pass directly backwards and become _ 
coiled on either side of the rectum; the right dorsal lies on the right side of the 
ileum and the left dorsal between the ileum and the anterior half of the mid-gut. 
The position of the ventral tubules near the rectum is a feature recalling the 
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a association of the rectal wall and Malpighian tubules in many higher 
ypes. The presence of large numbers of tubules renders it impossible to 
recognise any definite arrangement in later stages. 


D . E 


Fic. 2.—Structure of the tubules. A, Whole tubule from life; B, Upper regions of same 
specimen; C, Stained preparation of upper regions ; D, Transverse section of the lower 
segment; EH, Transverse section of the upper segment. Ex = excretory material, 


LS = lower segment of the tubule, Tr = trachea, US = upper segment. 
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In the first-instar nymph the four large tubules are attached at the Junction 
of the mid-gut and hind-gut. New tubules arise continuously on the posterior 
side of each group and gradually push the older ones farther on to the mid-gut, 

- so that only the youngest tubules are in contact with the hind-gut. Moreover, 
the internal opening of each group is on the mesenteron side of the Junction 
of the mid-gut and hind-gut. Hence the tubules have every appearance of 
being mesenteron appendages. 

In an adult female each living tubule is 16-20 mm. in length and about 
0-1 mm. in diameter, although this latter dimension varies somewhat. The 
tubule is divisible into two regions, a short upper segment 2-3 mm. in length, 
and a much longer lower segment. The short upper segment is more slender, 
and remains quite clear when the rest of the tubule is packed with excretory 
material (figs. 2, A and 2, B). This seems to be essentially similar to the 
condition in Rhodnius where the tubules are clearly differentiated into upper 
and lower segments with different physiological functions (Wigglesworth 1931). 
The relative shortness of the upper segment in Blatta may be related to the 
presence of large numbers of tubules. There is but slight difference in the 
histological structure of the two segments. The lower segment is composed 
of four or five rows of cells each with a rounded nucleus and striated border 
(figs. 2, C and 2, D). The more slender upper segment has three or four rows 
of cells also with striated border and rounded, but smaller nuclei (figs. 2, C and 
2, E). A slender trachea runs along the whole length of each tubule. 

The presence of four or five rows of comparatively small cells is in marked 
contrast to the two rows of large cells composing the tubules in Lepidoptera. 


IV. DEVELOPMENT OF THE TUBULES. 
1. The increase in the number of tubules. 


According to the latest account of the life history of B. orientalis (Qadri 
1938) there are seven instars characterised by the dimensions of the head, 
prothorax, etc. The examination of specimens in the present investigations 
has revealed wide variation from the figures given by Qadri, often making it 
impossible to assign a particular specimen to its instar with certainty. The 
conditions under which the specimens used by Qadri were reared, compared 
with selection from a wild population, may account for these discrepancies. 

The number of tubules in the adult B. orientalis is often stated to be 60-70, 
a determination originally due to Schindler (1878). Bordas (1898) estimated 
between 90 and 120 in P. americana and suggested that B. orientalis was 
similar. Actually these figures are too low, direct counts in six males and four 
females showed about 130 and 186 respectively. The only records of young 
stages appear to be those of Schindler (1878), describing young nymphs with 
8 ae 16-18; and those of Wheeler (1893), recording only 4 tubules in the 
embryo. 

All specimens examined immediately after ecdysis (i.e., whilst still white) 


showed no short young tubules. Hence all the tubules produced in any one 


instar reach their full length before the next ecdysis, and their growth and 
differentiation is definitely linked to ecdysis. Two or three days after a-moult 
new young tubules appear as tiny buds which grow out and slowly elongate. 
Those arising during any one stadium do not all appear simultaneously, pro- 
duction being spread over the initial period of the stadium. The six groups 
do not behave exactly alike, and in the later instars it is seldom that any two 


~ 
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of them contain the same number of tubules. Young tubules have never 
been seen in adults, and one adult male taken immediately after the last 
ecdysis had its full complement. Therefore no additions occur in the adult 
Stage. 

At the time of hatching the nymphs have only four large tubules, although 
rudiments of young ones may be apparent. These four are the two dorsal 
and two ventral; they arise during embryonic development and may be called 
the primary tubules in contrast to those developing in post-embryonic phases 
which may be designated secondaries. As a rule six secondaries—the first- 
instar secondaries—arise during the first stadium. Two of these are the first 


Fic. 3.—A, B, C, D, Successive stages in the development of the secondary tubules in the 
7 first instar. LS = lateral secondary, P = primary tubule. 


tubules of the two lateral groups, whilst the other four lie at the base of the 
primary tubules (fig. 3). During the stadium they attain to the same length 
as the four primaries (fig. 3). They may arise simultaneously or successively ; 
in the latter case the order of their appearance does not follow any definite 
lan. 
Only three exceptions to the sequence of development described above 
have been observed ; of these one failed to develop the first lateral secondaries 
until the beginning of the second stadium. In the second a single tubule was 
added to each primary, but two were present in each lateral group. In the 
third, a single nymph taken immediately after the first ecdysis, there were 14 
tubules (fig. 4, A), 4 primaries and 10 secondaries. The secondaries were of 
two grades distinguished by slight differences in length and diameter. In 
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fig. 4, A, the primaries are marked 0 and the two grades of secondaries 1A and 
1B. 

The usual arrangement of the tubules in an early second instar is shown in 
fig. 4, B. This is a continuation of the development noted in the first instar 
and shows four primaries (0), 6 first-instar secondaries (1) and 8 small second- 
instar secondaries (2). There is variation in the number of second-instar 
Nes produced but all become fully elongated before the next ecdysis (fig. 
4, C). 


Sp ety Sie eT 
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Fic. 5.—A, B, C, Stages in the development of a first lateral secondary tubule. A, the 
proliferation at the mid-gut hind-gut junction; B, C, The elongation of the tubule. 
‘Hg = hind-gut, Mg = mid-gut, M = mitosis. 
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2. The mode of origin of the tubules. 


In this section the embryonic development of the primary tubules and the 
post-embryonic development of the secondary tubules will be considered. 
Much that is obscure in the development of the primaries can be understood 
when the development of the secondaries is known. Hence the descriptive 


HEAD Tie lee 
Taster No. of tubules | No. of tubules | No. of tubules 
at beginning at end added 
] 4 10-14 6-10 
my 10-14 17-22 7-12 
3 29 35-51 18-30 
4 35-51 65-85 30-34 
5 65-85 101-113 28-36 
6 male 101-113 119-143 18-30 
6 female 101-113 181-186 70-80 
Adult male 119-143 119-143 0 | 
Adult female 181-186 181-186 0) 


sequence adopted is (1) the development of the first lateral secondaries, (2) 
the development of secondaries in general, and (3) the embryonic development 
of the primaries. 

The first lateral secondaries arise early in the first stadium. At the junction 
of the mid-gut and hind-gut, in the lateral positions, the cells divide by mitosis 
to produce an outgrowth which rapidly lengthens into a young tubule (fig. 5). 


Fic. 6.—The origin of a first-instar secondary tubule from the base of the primary tubule. 


Hg = hind-gut, Mg = mid-gut, PT = primary tubule, S = first-instar secondary 
tubule. 
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Elongation is the result of continued mitosis which occurs throughout the 
tubule; there is never any Suggestion of an apical or basal proliferating zone. 
The lumen remains very narrow and the cells small and closely crowded. 
Differentiation takes place only after the tubule has réached its full length. 
Like the embryonic zone from which it arises, the tubule lies exactly at the 
Junction of the mid-gut and hind-gut ; its anterior border is continuous with 
mesenteron cells and its posterior border with hind-gut cells. 


Fie. 7.—The tubule attachments in a third instar. DF = double fold forming posterior 
wall of the opening of the tubules, EZ = embryonic zone, Hg = hind-gut, Mg = mid- 
gut, T = old tubules. : Se 


at 


This appears to be the simplest possible mode of origin of a Malpighian 
tubule; its most significant feature is its development from an embryonic 


- zone at the junction of the mid-gut and hind-gut, with no evidence to show 


it is an appendage of the mesenteron or proctodaeal portion of the gut. 
eee of Toa ee tubules arise on the posterior side of the groups 
throughout the nymphal instars. In the first instar the cells at the base of | 
each primary tubule begin to divide by mitosis. A small swelling is produced 
and this rapidly elongates and becomes a young tubule (fig. 6). The embryonic 
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zone responsible for this new growth always lies on the posterior side a a 
primary tubule where it merges into the hind-gut. If, as in the case of the 
first lateral secondaries, this zone represents the real junction between mesen- 
teron and proctodaeum, the primary tubule is evidently a mesenteron appen- 


_Fie. 8.—The tubule attachments in fifth instar. Lettering as for fig. 7 (p. 81). 


dage. This conclusion is significant in regard to the interpretation of the true 
nature of the inner end of the proctodaeum in the embryo. 

The secondaries produced in later instars arise in the same way from an 
embryonic zone on the posterior side of each group (figs. 7 and 8). In addition 
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to new tubules the proliferation gives rise to a double fold of tissue which forms 
the posterior wall of the depression into which all the tubules of the group 
open. This fold is continuous laterally with mid-gut cells and places the 
openings of the tubules definitely on the mid-gut side of the junction of the hind- 


Fic. 9.—The inner end of the proctodaeum in the embryo. A, The relations of the hind- 
gut and mesenteron; B, The same showing the position of the primary Malpighian 
tubule. EZ = the position of the embryonic zone which will form the secondary 
tubules in the nymph, Hg = hind-gut, Mg = mid-gut, Mt = primary Malpighian 
tubule, PM = proctodaeal membrane. 

* 


gut and mid-gut. The embryonic zone actually forms a crescentic band 

round the posterior and lateral parts of each group of tubules. The older and 

more anterior tubules are histologically continuous with the mid-gut, the 

striated border of which is continued round into that of the tubules (fig. 8). 

Thus the evidence derived from the development of the secondary tubules 
D3 
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indicates the presence of an embryonic zone at the junction of the mesenteron 
and proctodaeum. In the cockroach this zone is active only at six points 
and produces six groups of tubules. The persistence of this zone on the pos- 
terior side of each group, together with the purely anatomical evidence, proves 
that the Malpighian tubules are mid-gut and not hind-gut appendages. 

The development of the primary tubules in the embryo is of interest in 
view of the fact that most authors state that they are outgrowths of the procto- 
daeum and therefore ectodermal, a conclusion directly opposed to that stated 
in the previous paragraph. It is maintained by some authors that the entire 
mid-gut is ectodermal, but even if that were admitted, it would not reconcile 
the presumed attachment of the tubules to the hind-gut in the embryo with 
their condition as mesenteron appendages in the nymph. 

Eggs were kept under conditions in which they hatched about six weeks 
after the deposition of the capsule by the female. At the end of the fourth 
week the posterior end of the mesenteron is well formed (fig. 9, A). Its cells 
appear to have been proliferated from the perimeter of the inner end of the 
proctodaeum the blind end of which remains as a sheet—the proctodaeal 
membrane—across the lumen of the gut. Four Malpighian tubules are present 
as outgrowths from the end of the proctodaeum immediately behind the 
proctodaeal membrane (fig. 9, B). As in the nymph, each les exactly at the 
Junction of the mid-gut and hind-gut, its anterior side being continuous with 
the proctodaeal membrane, and its posterior side with the cells of the hind-gut 
(cf. figs. 9, B; 5,C; and 6). The peripheral cells of the proctodaeal membrane 
form the posterior limit of the mid-gut (fig. 9, B, PM), and not the inner end of 
the hind-gut, as it is usually assumed. Thus the inner end of the proctodaeum 
forms part of the mesenteron and is not wholly hind-gut. The same feature 
is seen in the stomodaeum of Pieris where the inner end is directly converted 
into mesenteron (Henson 1932).’ The origin of the Malpighian tubules from 
the proctodaeum does not therefore prove that they are hind-gut appendages. 
There is nothing in the embryonic condition to show whether the tubules 
arise from that part of the proctodaeum which produces hind-gut or that 
which produces mid-gut. The only structural feature revealing the junction 
of the hind-gut and mid-gut is the embryonic zone in this region in the nymph. 
This hes behind the tubules which are therefore mesenteron appendages. This 
conclusion is not in conflict with the embryological evidence once it has been 
shown that the proctodaeal membrane is mesenteron tissue and does not 
represent the innermost limit of the hind-gut. 

It is suggested that the proctodaeum and stomodaeum are not simple . 
ectodermal ingrowths, but that their blind ends are blastoporic in origin and 
represent the anal and oral halves of the blastopore of Peripatus. The embryonic 
zone at the junction of the mid-gut and hind-gut is the persistent rim of the anal 
half of the blastopore, and since the mesenteron and Malpighian tubules lie 
in front of this zone they are endodermal derivatives. A precisely similar 
hypothesis has been advanced in relation to the anatomy and development of 
the alimentary canal and Malpighian tubules in Lepidoptera (Henson 1932). 
In spite of the totally different anatomical conditions the two casgs are com- 
parable and support the same theoretical interpretation. 


3. The differentiation of the tubules. 


Once a young tubule is formed mitosis occurs throughout its whole length. 
As rapidly as they are produced the cells shift on one another so that the tubule 


= eC 
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elongates without increase in diameter. The cells are small closely packed 
and possibly arranged in rows running spirally round the tubule (fig. 10, C and 
10, EK). In transverse section about five nuclei can usually be seen, indicating 
that the entire tubule is composed of five rows of cells. ; . 


D 


Fic. 10.—The differentiation of the tubules. A, Longitudinal and transverse sections of a 
young secondary tubule, first instar; B, Ditto, a primary tubule, early first instar; C, 
Surface view primary tubule, late first instar; D, Ditto, fourth instar; E, Ditto, 
female imago. : 


Differentiation merely involves progressive enlargement of the cells produced 
in the earlier phase of proliferation and does not occur until cell division has 
ceased. The lumen expands and the cells develop a striated border, the nuclei 
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enlarge slightly and appear more widely separated. When fully differentiated 
the tubule still has only five rows of cells. The terminal part of the tubule 
does not undergo so much expansion as the rest and remains permanently of a 
more slender form. The examples illustrated in fig. 10 are all drawn to the 
same scale and show the progressive increase in the size of the tubules during 
differentiation. 

In the embryo of Pieris (Henson 1937) the tubules grow by rapid mitosis, 
resulting in a short thick tubule. Movement of the cells in relation to one 
another then occurs and brings about elongation; this is carried much further 
than in the cockroach so that ultimately only two rows of cells are present. 
The subsequent enlargement of the cells in the larval phase is much more 
pronounced and results in great cell hypertrophy and a lobing and branching 
of the nuclei. In the cockroach there is proliferation accompanied by shifting 
of the cells on one another and followed by some degree of cell enlargement. In 
Pieris proliferation is followed by cell shifting and then by cell enlargement 
and hypertrophy. 


V. DIscussION. 


The recognition of primary and secondary tubules developed in embryonic 
and post-embryonic ae respectively, renders possible some interesting 
comparisons amongst various orders of insects. 

The primitive number of tubules in insects is usually regarded as six (Wheeler 
1893), presumably attached at equal distances around the junction of the mid- 
gut and hind-gut. This condition is clearly seen in many Trichoptera but 
rarely occurs amongst the lower insects. These six tubules normally occupy 
dorsal, lateral, and ventral positions like the six groups in Blatta. An alterna- 
tive hypothesis, that a primitive condition is six primary tubules with secon- 
daries added in nymphal stages to form six groups, is here suggested. The 
condition with six single tubules is produced when the secondaries fail to 
develop. 

In Blatta only four of the six primaries are present, the lateral primaries 
being absent. In post-embryonic stages six groups of secondaries are formed 
corresponding in position to the primaries. In Locusta (Roonwal 1937) there 
are six primary tubules which develop in two stages; four tubules appear in the 
first stage and two more in the second. The “four” are the laterals and 
ventrals, and the “two” are the dorsals. In Forficula only four primaries 
are present but these appear to be the dorsals and laterals, and not the dorsals 
and ventrals as in Blatta. In all these cases secondaries appear in post-embryo- 
nic stages. 

In Formica (Pérez 1902) four primary tubules arise in the embryo and become 
the larval tubules. These are destroyed at metamorphosis and replaced by 
four groups of secondaries which become the imaginal tubules. The develop- 
ment of these latter (vide below) is similar to that of the tubules formed during 
nymphal phases in Blatta and shows that they are comparable structures. In 
Tineola and Galleria (Cholodkowsky 1887) amongst Lepidoptera and Eristalis 
amongst Diptera (Vaney 1902) the primary (larval) tubules are destroyed at 
metamorphosis and replaced by the secondaries (imaginal tubules) in the 
same way asin Hymenoptera. In most Lepidoptera and Diptera the primary 
tubules persist throughout the life history, and the development of secondaries 
is suppressed. It would seem therefore that the small number of tubules in 
Trichoptera, Lepidoptera, Coleoptera, and Diptera is not a primitive condition 
but due to the failure of secondary tubules to develop. j 
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Many anomalies still remain in other Orders and more anatomical details 
are necessary before any explanation can be attempted, but the above com- 
parisons suggest the relationships between the Orthoptera and Holometabola 
the one hand, and between the various groups of Holometabola on the 
other. 

In their embryonic origin the tubules are intimately associated with the 
proctodaeum and mesenteron and can only be considered in relation to the 
development of the alimentary canal. In general two modes of formation of 
the insect mid-gut are usually recognised although many variations in detail 
are known. In one the mesenteron cells are derived by proliferation from the 
germ band on the site of the future stomodaeum and proctodaeum producing 
anterior and posterior mesendoderm rudiments. In the other the proliferation 
occurs after the stomodaeum and proctodaeum have been formed and the 
mesenteron arises from the inner ends of these ingrowths. In the first case the 
germ band is believed to exhibit an elongated virtual blastopore of the annelid 
type, and the mesenteron is interpreted as endodermal. In the second case 
some authors regard the mesenteron as an ectodermal derivative because it 
seems to arise from stomodaeum and proctodaeum, other authors attempt some 
complex compromise. Eastham (1930) pointed out that there is no essential 
difference between these two types, which are. merely variations in the time 
relations of the developmental processes. 

Conditions in Pieris are very significant because not only are anterior and 
posterior rudiments present (Eastham 1927) but a considerable portion of the 
stomodaeum becomes directly converted into mesenteron (Henson 1932). 
Similarly the proctodaeum of Blatta becomes in part mesenteron and judging 
from published figures the same is true for other forms (Johannsen and Butt 
1940). This proves that forms with anterior and posterior rudiments are not 
in a different category from those in which the mesenteron arises from the 
stomodaeum and proctodaeum. Since they do not constitute two fundamentally 
different types of development, none of the various theories entailing com- 
promise is permissible, and it is unnecessary to invoke “multiphase gastrulation”’ 
(Roonwal 1939) or “‘ prospective significances ’’ and “ times of determination ”’ 
(vide Johannsen and Butt 1940) to explain differences of a type which do not 
exist. -The problem is much simpler than such theories lead one to suppose. 
If the stomodaeum and proctodaeum have been correctly identified as the 
simple ectodermal ingrowths these terms imply, the mesenteron is ectodermal 
in origin, even in forms with anterior and posterior rudiments. On the other 
hand, if the stomodaeum and proctodaeum are not solely ectodermal but carry 
derivatives of the anal and oral blastopore near their blind ends the mesenteron 
is endodermal. It is submitted here that the only evidence available supports 
this second viewpoint and that the blastopore rim has actually been identified 
as the embryonic zone behind the Malpighian tubules in Blatta and as the 
“imaginal” rings of the gut in Lepidoptera and other Holometabola. The 
mesenteron and Malpighian tubules lie internally to this blastopore rim and 
hence are endodermal. 

This second interpretation is supported by evidence provided by simple 
anatomical relations, by the complex anatomy of the attachment of the Mal- 
pighian tubules in Blatta and the Lepidoptera, and the position of the “imaginal” 
rings in the Holometabola. In the interpretation of insect gastrulation it 
resolves many apparent anomalies in the relation of the germ layers and shows 
that insect development is not fundamentally distinct from the generalised 


annelid—arthropod sequence. 
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Drummond (1936), investigating the development of Ephestia, with criticism 
of this theory in view, has confused the stomodaeum with the proctodaeum 
in both text and figures. The so-called “ valve tubules ’’ described as forming 
the oesophageal valve are really Malpighian tubules. Roonwal (1936), besides 
misrepresenting the theory as suggesting that the stomodaeum and procto- 
daeum are endodermal, finds it unacceptable on the grounds that in Per:patus 
the blastopore is formed simultaneously with the differentiation of endo- 
mesoderm, whereas the stomodaeal and proctodaeal invaginations in Preris 
appear long after the differentiation of the endo-mesoderm. Such emphasis 
on time relations is the basis of all the confusion in the theoretical interpretation 
of gastrulation in insects. It is here submitted that time relations are of no 
significance in the determination of homologies, which must be established by 
comparative anatomy and comparative embryology. An appreciation of the 
homology of the mammalian trophoblast, yolk sac and allantois, compared 
with the corresponding structures in the bird, presents no difficulty in spite of 
the very different time relations between their appearance and the formation 
of the embryo. 

The theory that the embryonic zone behind the tubules in Blatta is homo- 
logous with the posterior imaginal ring of the Holometabola and that both 
represent a persistent blastopore rim is significant in relation to the theory of 
metamorphosis. If the imaginal rings of the gut represent the oral and anal 
halves of the blastopore lip their growth at metamorphosis is the reactivation 
of an embryonic formative zone and similarities between embryonic processes 
and the internal changes at metamorphosis should be apparent. In fact 
metamorphosis appears as a renewal or resumption of the embryonic condition 
and not as an activation of special imaginal rudiments. 

In Calliphora (Pérez 1910) the anterior imaginal ring becomes very active 
at metamorphosis and forms the greater part of the imaginal fore-gut. In 
Calandra (Mansour 1927), on the other hand, it produces the imaginal mid-gut. 
These widely divergent observations again raised the question of the validity 
of the germ layer theory as applied to insect development; in fact Calandra 
appeared to provide strong evidence for the theory of the ectodermal origin 
of the mid-gut. These anomalies are resolved if the imaginal ring is accepted 
as a persistent blastopore rim. In Calliphora its major growth is outwards to 
produce ectoderm and in Calandra inwards to produce endoderm. Probably 
many intermediate conditions, in which both types of growth are equally 
vigorous, exist but are not yet described. The activity of the ring at meta- 
morphosis is essentially similar to the behaviour of these regions in the embryo. 

The posterior imaginal ring is very variable in its degree of activity at 
metamorphosis. It may renovate much of the hind-gut (Calliphora) or merely 
elongate the existing hind-gut (Formica Pérez 1902) or pass through a cycle of 
activity without forming any imaginal tissue (many Lepidoptera). Itis frequently 
associated with the growth of imaginal Malpighian tubules and then shows 
close similarity to the inner end of the proctodaeum in the embryo. A com- 
parison between Blatta and Formica is especially instructive; the data regarding 
the latter form are taken from Pérez (1902). In Blatta four primary tubules 
appear in the embryo and numerous secondaries in the nymph, the latter 
arising from an embryonic zone behind the tubules.. This zone cannot be 
demonstrated (fig. 9, B) because all the tissues are in an embryonic condition 
but its position can be inferred from comparison with the nymph. In Formica 
there are four primary tubules originating in the embryo and becoming the 
larval tubules. At metamorphosis these are destroyed and 16 imaginal tubules 
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in four groups, comparable to the secondaries of Blatia, grow out from the 
imaginal ring just behind the larval tubules. 

> : 

The young ant larva (fig. 11, A) strongly resembles the embryo cockroach 


é& : 


© Mg 


Fic. 11.—Comparison of Formica and Blatta. A, Young ant larva; B, Embryo cock- 
roach; C, Ant larva just before pupation; D, Young cockroach nymph. A and C 
reconstructed from Pérez (1902). Hg = Hind gut, IR = imaginal ring (embryonic 
zone behind tubules in Blatta), Mg = mid-gut, PM = proctodaeal membrane, PT = 
primary or larval tubule, ST = imaginal or secondary tubule. ‘ : 


(fig. 11, B) except that the mesenteron is scarcely in contact with the procto- 
daeal membrane and is closed behind. Just where the Malpighian tubules 
run into the hind-gut there is an embryonic zone, the imaginal ring. In the 
older ant larva the “ proctodaeal membrane ” takes on the appearance of a 
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small mesenteron sac and the ring is producing the imaginal tubules (vide 
Pérez 1902, Plate X fig. 12). Just prior to metamorphosis the mesenteron 
breaks through into the hind-gut and presents the appearance shown in fig. 11, C. 
Comparison with the cockroach nymph (fig. 11, D) shows conclusively that the 
proctodaeal membrane was mesenteron, that the larval tubules are primaries 
and the imaginal tubules secondaries. In Formica the appearance of second- 
aries is delayed until metamorphosis. In the larva therefore development 
tends to be suppressed and metamorphosis may be regarded as a renewal of 
developmental processes which in Blatta occur much earlier in the life history. 

The theory of the homology of the inner ends of the stomodaeum and 
proctodaeum with the oral and anal halves of the Arthropod blastopore exerts 
a unifying influence over the whole field of insect growth and development. 
In its application to problems of comparative anatomy and embryology it has 
been shown to conform to many facts which otherwise remain unexplained. 
In regard to metamorphosis, it seems to indicate that the activity of the imaginal 
rings is a renewal of an embryonic process and not merely the activation of a 
special imaginal rudiment. A preliminary survey has shown that this point 
of view is in agreement with much that is known about internal metamorphosis 
but further investigation is needed before this subject can be discussed with 
advantage. 


VI. Summary. 


(1) The Malpighian tubules of Blaita are in six groups, placed dorsally, 
laterally and ventrally and opening into the posterior end of the mesenteron. 

(2) Each tubule has upper and lower regions as described by Wigglesworth 
(1931) in Rhodnius, although in Blatta the upper region is very short. 

(3) The tubules are of two kinds: primaries developed in the embryo and 
secondaries developed in the nymph. There are only four primaries but 
numerous secondaries appear in each instar so that the adult male has about 
130 tubules and the adult female about 184 (vide Table 1). The four primaries 
are the dorsals and ventrals; the ventral pair show some degree of association 
with the rectum. : 

(4) The secondary tubules arise from an embryonic zone just behind each 
group. This zone is homologous with the imaginal ring of the Holometabola, 
and its position at the junction of the mid-gut and hind-gut proves that the 
tubules are mesenteron appendages.» 2 

(5) Comparison of the attachment of the tubules in nymph and embryo 
shows that the inner end of the proctodaeum is a mesenteron rudiment. It is 
postulated that the embryonic zone behind the tubules (and the imaginal ring 
of the Holometabola) is the remains of the anal half of the blastopore and that 
mesenteron and tubules are therefore endodermal. This supports a similar 
interpretation of the very different conditions in Lepidoptera (Henson 1932). 

(6) The larval tubules of the Hymenoptera Apocrita are primaries and the 
imaginal tubules secondaries. In most Holometabola the development of 
secondaries is suppressed although they do occur in a few Lepidoptera and also 
in Hristalis. Consideration of this leads to the following conclusion. 

(7) Metamorphosis in general may be regarded as a reactivation of a sus- 
pended embryonic development. The larval period is thus one in which 
development is delayed or suppressed. The conception of independent larval 
and imaginal rudiments (particularly the conception of imaginal cells) may be 
erroneous and degree of metamorphosis depend upon the degree of development 
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reached at hatching and the degree of suppression of development during larval 
phases. 


_ My best thanks are due to Professor E. A. Spaul and Dr. LI. Lloyd for kindly 
criticism and advice. 
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INTRODUCTION. 


The chief purpose of the present paper is to describe the distribution of two 
types of red pigment in the family Papmrontpar. I have already given a 
preliminary account of this subject (Ford, 1940); but I have now studied it 
far more thoroughly, so as to include practically all the known species that 
are marked with red. In Section 2 I shall supply the data so accumulated 
and discuss their classificatory significance. 

_ I have surveyed rather fully the occurrence of anthoxanthins in the family 
on a former occasion (Ford, 1941). The characteristics of these substances, 
and the methods employed in detecting them, are described in that work. I 
shall now amplify these results, having lately had the opportunity of examin- 
ing a few additional species. The information so obtained is given in Section 3, 
since it will be necessary to use it in subsequent discussions. For it has now 
become possible to reconsider the inter-relations of the PAPILIONIDAE in the 
light not only of the structural characters used in the past but of the occur- 
rence within the group both of anthoxanthins and of the different types of 
red pigment. This is attempted in my next paper. v 

The purpose of this communication, as of the other studies included in the 
present series, is twofold. First, to demonstrate that the distribution of the 
different types of pigment is in close accord with the accepted classification 
reached on purely structural, and therefore entirely different grounds. Such 
new evidence provides very strong support for the validity of current systematic 
methods. Secondly, to reconsider the inter-relationships of the different 
species and larger groups in the light of chemical data as well as of the more 
usual types of evidence. It is therefore necessary to select as a standard of 
comparison a well-known and authoritative classification. For this purpose 
the appropriate sections of the Macrolepidoptera of the Worl@! appear to be 
the most satisfactory. The species are therefore grouped according to faunistic 


regions in Sections 2 and 3, which follow strictly the order employed by the’ 


authors of that work. The modifications in it, which now appear desirable, 
are to be considered ih a later communication. Though following the 
arrangement of the Macrolepidoptera of the World, I have departed from the 
1 Seitz, 1907; Jordan, 1907-8, 1908-9; Aurivillius, 1908, 1910. 
PROC. R. ENT. SOC. LOND. (A) 19. prs. 7-9. (sEpT. 1944.) 
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plan of that work in some other details. First, the nomenclature is revised 
In accordance with more modern usage. Secondly, the three sections into 
which the genus Papilio is there divided are treated as distinct genera here, 
following Talbot (1939). I also adopt his course of separating the Priamus 
Group of the “ Aristolochia Swallow-tails’’ as another genus, Z'roides Hb. 
1819 (= Ornithoptera Bdv., 1832). ; 

One complete classification of the Parrttontpaz has appeared since that of 
the Macrolepidoptera of the World. This is due to Bryk (1923-30) in Lepido- 
pterorum Catalogus. I have, however, found that work far less satisfactory 
from the classificatory point of view. It does not even distinguish Atro- 
phaneura (p. 94), Papilio, and Graphium from one another in any way, though 
taking account of far less important genera; e.g. Troides, Kailasius, and 
Tadumia (see p. 99). Nor does it divide the species into the numerous groups 
adopted by Jordan (1907-8, 1908-9) and Aurivillius (1908, 1910). Not only are 
these convenient, but the majority of them certainly form natural assemblages 
which it is valuable to recognise. 

The most recent review of the PaprLionipaE is that of Talbot (1939), but 
this is restricted to British India. While adopting his conclusions in many 
respects, I have not adjusted the relevant parts of Jordan’s classification 
(1908-9) in accordance with Talbot’s findings. It would be difficult, and in 
many ways unsatisfactory, to modify a small part only of the Oriental Section 
of the Macrolepidoptera of the World, and there is a great advantage in basing 
this discussion upon a single well-known plan. The results of studying both 
the anthoxanthins and the red pigments of the Papmionipax are therefore 
considered in relation to the order adopted in the Macrolepidoptera of the 
World. It can thus be demonstrated that they are in general accord with a 
classification based upon structure. The task of formulating a more natural 
classification of the family is undertaken in the next paper of this series. 
However, I use the results so obtained in constructing the order of the 
genera followed in Table 6 of this paper, which summarises my data. For it 
is impossible to arrive at a comprehensive view of the PAPILIONIDAE as a 
whole from the Macrolepidoptera of the World, where the family is divided 
into faunistic regions. 

I wish to record my most grateful thanks to those who have given me 
their most valuable help. Professor G. D. H. Carpenter and Mr. N. D. Riley 
have respectively placed at my disposal the vast resources of the Hope Depart- 
ment of Entomology at Oxford and of the British Museum, both at South 
Kensington and in the Zoological Museum at Tring. Moreover, they have 
both been so good as to give me their opinion on this work. It is a pleasure 
to acknowledge the great assistance which I have received also from Dr. A. 8. 
Corbet, Mr. A. G. Gabriel, Professor E. 8. Goodrich, Dr. K. Jordan, and Mr. 
G. Talbot. All these authorities have been to very considerable trouble in 
reading this paper in detail. I have been greatly assisted by the views which 
they have expressed to me. eae 

; ; =" 
2. Tue Rep PIGMENTS. Se 

I had shown in the second paper of this Series (Ford, 1942) that five types 
of red pigment occur in the Rhopalocera, while I have subsequently detected _ 
a sixth (in the Rioprn1paE). However, only two of these, Types A and B, — 
are found in the Papitiontpaz. Since I had described their characteristics in 
some detail, only a brief summary of them is needed here. 
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Pigment A is nearly, and pigment B is quite, insoluble in hot water and 
in a dilute solution of ammonia. Neither appears to be a carotin, since both 
are insoluble in fat solvents (e.g. carbon bisulphide). Nor are they uric acid 
derivatives (as are Types D and E, occurring in the genus Delias). Indeed 
Type B is insoluble in concentrated nitric acid, while Type A, though soluble 
in this reagent, does not give a positive murexide reaction. 

The two red pigments of the Paprriontpax are easily distinguished. Type A 
is quickly converted to a bright yellow shade by exposure to a concentrated 
atmosphere of hydrochloric acid. It is reconverted to red again with great 
rapidity by ammonia. Type B, on the other hand, is almost unaffected by 
hydrochloric acid, though it may sometimes become a little duller and more 
bluish in tone. Similarly, ammonia has no effect upon it, save to restore its 
original brilliance if this has become at all dull by exposure to the acid. Since 
the effect of the acid is completely restored by the alkali, this test does no 
damage to the insects and can safely be applied even to unique specimens. 
Furthermore, the solubility of type A, and the insolubility of type B, in con- 
centrated nitric acid are also of occasional service in discriminating between 
them. In general, pigment B is of a slightly duller or more brownish shade 
than is A. 

Pigment A is widely distributed in the Lepidoptera, being responsible also 
for the red colours of a number of very distinct groups (e.g., the ARCTIIDAE, 
the Catocalini, the ZyGaENIDAE, and some of the Rioprntpaz). I have dis- 
cussed its distribution and genetics on a former occasion (Ford, 1937). On 
the other hand, I have not so far detected pigment B outside the PAPILIONIDAE. 
The occurrence of pigments A and B in that family must now be examined 
in detail. 


Trovdes Hiibner, 1819. 


This genus contains 26 known species ; for ferrari Tytler, which is treated 
as specifically distinct by Bryk (1923-30), is but a subspecies of T. helena L. 
Twenty-one of these are marked with red upon the body, but not on the wings. 
This proves to be pigment A in every instance. 


Atrophaneura Reakirt, [1865] (= Polydorus Swainson, 1833 praeocc.). 


Corbet (1943) has shown that the well-known generic name Polydorus 
Swainson 1833 is preoccupied by Polydorus de Blainville (Annelida: Poly- 
chaeta), and that the oldest name available for the butterflies which it included 
is Atrophaneura Reakirt, [1865], with semperi Feld. as the type. This, together 
with the species now placed in T'roides, comprises the Pharmacophagus Section 
of Papilio as adopted by Jordan (1907-8, 1908-9). 

The red pigments of this genus are, without exception, of type A. I have 
examined almost every known species that is marked with red, amounting to 
82.2 The result is given in Table 1. 


Battus Scopoli, 1777. 


In my work on the anthoxanthins (Ford, 1941) the species placed by Jordan 
(1907) in his “‘ Polydamas Group ” are treated in the usual way as belonging 
to the American section of Atrophaneura (= Polydorus). However, it has 
now become clear that they constitute a separate genus, for which the name 
Battus is. the earliest available (see Hemming, 1934). As it seems unsatis- 


? zaleucus Hew., which is regarded as a distinct species by Bryk (1923-30), is only a 
subspecies of varuna Westw. (see Talbot, 1939). 
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factory to retain these insects in A trophaneura when it is clear that they do 
not belong to it, I am separating them here, though my reasons for doing so 
are not appropriate to the present work. They are given in full in the next 
paper of this series (which is already written). They are based upon a number 
of structural and other characters both in the imagines and the early stages. 
To these the chemistry of their pigments gives important, since completely 
independent, support. ; 


TABLE 1. 


Species of the genus Atrophaneura tested for the nature of their red pigments. Total: 82. 
All possess red pigment of type A. 
(Arranged according to The Macrolepidoptera of the World.) 


Region Group | Species 


Indo- | Nox | sempert Feld., dixoni Gr. Sm., kiihni Honr., priapus Bdv., 
Australian hageni Rogenh., aidoneus Dbl., horishanus Mats., varuna 

| Westw., nov Swains. 

latreillei Don., polla de Nicév., adamsoni Gr. Sm., crassipes 
Ob., nevilli Wood-Mas., philoxenus Gray, dasarada Moore, 
hedistus Jord., daemonius Alph., plutonius Ob., mencius 
Feld., febanus Fruh., alcinous Klug. 

neptunus Guér., coon Fab., rhodifer Btl. 

hector L., jophon Gray, pandiyana Moore, oreon Doh., liris 
Godt., polyphontes Bdv., polydorus L., aristolochiae Fab., 
annae Eldr., mariae Semp., phegeus Hopff., schadenbergi 
Semp., atropos Ster. 


FT piralles 


| Coon 
Hector 


African Antenor | antenor Drury. 


American Ascanius | columbus H.-Sch., ascanius Cr., agavus Drury, proneus Hb., 
chamissonia Eschsch., perrhebus Bdv., phalaecus Hew., 
photinus Dbl., alopius G. & S., montezuma Westw. 
Aeneas hahneli Stgr., triopas Godt., chabrias Hew., coelus Bdv., 
quadratus Stgr., pizarro Stgr., steinbachi Roths., klagesi 
Ehrm., aeneas L., tros Fab., orellana Hew., sesostris Cr., 
childrenae Gray, erlaces Gray, burchellanus Westw., drucet 
Bil., cutorina Stgr., phosphorus Bates, vertumnus Cr., lyci- 
menes Bdv., erithalion Bdv., polyzelus Fldr., iphidamas 
Fab., anchises L., nephalion Godt. 

Lysander | panthonus Cr., aglaope Gray, lysander Cr., echemon Hb., 
neophilus Hb., zacynthus Fab., arcas Cr., timias Gray. 


Each of the 14 species of this genus is marked with red, except madyes Dbl. 
I have examined all 13 of them, and their red pigment is in every instance of 
type B. Thus it will be noticed that the red colours of the genus Atrophaneura 
throughout the world and of Battus are of a different nature, and to this there 
is no known exception. ee 


Papilio L. 


I have tested nearly every species of Papilio that is marked with red, 
amounting to 107. The data so obtained will be found in Table 2. As in 
Battus, the red pigment of this genus is of type B, unlike that of Atrophaneura 
(and Graphium, pp. 97, 101). To this there are but two exceptions which, 
very curiously, fall within the Oriental Memnon Group. They are rumanzovia 
Eschsch. and deiphobus L., both possessing pigment A only. I had already 
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drawn attention to the exceptional nature of the red pigments of these two 
species (Ford, 1940), when I had tested only 52 species of Papilio, including 9 
of the Memnon Group. I had anticipated that further study would reveal 
additional species with pigment A, but it has not done so. 

The Memnon Group contains 16 known species. One of these, lampsacus 


TABLE 2. 


Species of the genus Papilio tested for the nature of their red pigments. Total: 107. 
All possess red pigment of type B except the two marked *, in which it is of type A. 
(Arranged according to The Macrolepidoptera of the World.) 


Region Group Species 
Palaearctic | Anactus anactus MacLeay. 
_ and Indo- | Machaon | machaon L., hospiton Gen., alexanor Esp., demoleus L. 
Australian | Helenus demolion Cr., noblei de Nicév., helenus L., iswaroides Fruh., 
| iswara White, diophantus Sm., fuscus Goeze, godeffroyt 
Semp., ilioneus Don., canopus Westw. 

Polytes polytes L., ambrax Bdv., phestus Guér. 

Aegeus aegeus Don., gambrisius Cr., inopinatus Btl., bridgei Math. 

Memnon ascalaphus Bdv., oenomaus Godt., polymnestor Cr., forbesi 
Gr. Sm.,-acheron Gr. Sm., mayo Hew., lowii Dre., 
memnon L., rumanzovia Eschsch.*, deiphobus L.*, 
macilentus Jans., protenor Cr., demetrius Cr., rhetenor 
Westw., thaiwanus Roths. 

Bootes janaka Moore, bootes Westw. 

Elwesi elwesi Leech. 

| Paris elephenor Dbl., dialis Leech, bianor Cr., polyctor Bdv., 
paris L., karna Fldr., arcturus Westw., hoppo Mats., 
krishna Moore. 

Palinurus crino Fab., buddha Westw., palinurus Fab. 

African Demoleus demodocus Esp., erithonioides Gr. Sm., morondavana 
Gr. Sm., grosesmithi Roths., menestheus Drury. 
| 
American Machaon polyxenes Fab., bairdi Edw., nitra Edw., zelicaon Luc., 
indra Reak. 

Thoas thoas L., homothoas R. & J., cresphontes Cr., paeon Bdv., 
caiguanabus Poey, aristodemus Esp., andraemon Hb., 
machaonides Esp., thersites Fab., ornythion Bdv., lyco- 
phron Hb., androgeus Cr. : 

Glaucus glaucus L., rutilus Luc., daunus Bdv., ewrymedon Luc., 
pilumnus Bdv., troilus L., palamedes Drury. 

Anchisiades | hyppason Cr., pelaus Cr., oxynius Hb., epenetus Hew., 
chiansiades Westw., pharnaces Dbl., erostratus Westw., 
rogert Bdv., anchisiades Esp., isidorus Dbl., rhodo- 
stictus Btl. & Druce. 

Torquatus | himeros Hopff., lamarchei Stgr., hectorides Esp., garleppi 
Ster., torquatus Cr. 

Scamander | scamander Bdv., birchalli Hew., wanthopleura G. & 8. 

Homerus victorinus Dbl., cleotas Gray, aristeus Cr., garamas Hb., 
homerus Fab., cacicus Luc., euterpinus G. & S. 


ae a en Seen Se ee vee 


Bdv., is without red markings, but I have now examined all the others. As 
many of them are variable insects, it seemed to me possible that additional 
occurrences of pigment A might be found among some of the different races 
for presumably it has arisen independently within the Group» Consequently 
I studied the red pigments of the different races and varieties of the Memnon 
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group in some detail, with the results given in Table 3. It will be seen, 
perhaps rather unexpectedly, that they are perfectly uniform in the kind of red 
pigment which they possess. All the forms of each species have either type B 
or, in the two exceptions, type A only. 

In so far as the chemistry of the red pigments is concerned, rwmanzovia 
and deiphobus are the sole exceptions in the genus Papilio: 2 out of 107. It 
is noteworthy therefore that they have been placed next to each other in a 
classification based wholly upon structural characters. Such independent 
confirmation as chemistry here provides is of great value in demonstrating the 
validity of current taxonomic methods. 


TABLE 3. 


The Memnon Group of Papilio; forms and varieties the red pigments in which 
have been studied. 
These are of type B in all except those marked *, in which they are of type A. 


Species Forms and varieties 
Fe a 

| ascalaphus | ascalaphus Bdv. 

| oenomaus | oenomaus Godt., subfasciatus Roths. 


| polymnestor | polymnestor Cr., parinda Moore. 


| forbest | forbesi Gr. Sm. 
acheron acheron Gr. Sm. 
mayo mayo Hew. 
| lowii | lowii Druce, zephyria Jord., suffusus Lathy. 
| memnon | memnon L., m. gyrtia Jord., m. hiera Jord., m. isarcha Jord., m. venusia 


| | Jord., m. laomedon Cr., m. dobera Jord., m. anura Jord., m. clathratus 
Roths., m. perlucidus Fruh., m. subclathratus Fruh., m. nestor Talb., 
m. oceant Doh.; thunbergi Sieb.; pryert Roths.; agenor L., a. esperi 
Btl., a. butlerianus Roths., a. rhetenorina Jord., a. alcanor Cr., a. 
distantianus Roths.; anceus Cr., a. erebinus Haase, a. trochila Jord., 
a. hellopia Jord., a. gerania Jord., a. butis Jord. 

rumanzovia * | rumanzovia Eschsch.*, semperinus Haase *. 

deiphobus * deiphobus L.*, deipylus Fldr.*, deiphontes Fldr.* 


macilentus macilentus Jans., mucius Ob. 

protenor protenor Cr., ewprotenor Fruh., amaura Jord. 

demetrius demetrius Cr., liukiuensis Fruh. 

rhetenor rhetenor Westw., leucocelis Jord., platenius Fruh., publius Fruh., irene 
Bs ca Up xe 


thaiwanus thaiwanus Roth. 


Graphium Scopoli, 1777. 


A considerable number of the Graphium species is without red markings, 
especially in the Oriental Region. However, I have examined nearly all of 
those which possess them, amounting to 97 (see Table 4). The red pigment 
of Graphium, unlike that of Battus and Papilio, is the same as in Troides and 
Atrophaneura, that is to say, type A. To this, @. podalirius L. is the only excep- 
tion. The spot at the anal angle of that insect is usually of a yellow or orange 
shade. Sometimes, however, it is brownish-red, owing to the presence of pig- 
ment B. Itis a highly remarkable and unexpected fact that this species should 
differ from all others of its genus in the constitution of its red pigment. Being 
so well known and typical of Graphium in appearance, it is regarded as almost 
characteristic of that genus. Yet it is abnormal also in another and quite 
unrelated respect, for it is among that small proportion of the genus which 
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does not possess anthoxanthins (Ford, 1941). This amounts to 14 out of 110 
and, moreover, podalirius is the most peculiar of them. For these are species 
in which anthoxanthins are replaced by a pale yellow pigment fluorescent in 
ultra-violet light, while in podalirius this fluorescent pigment is nearly absent. 
From the point of view of the chemistry of its pigments, therefore, podalurius 


TABLE 4. 


Species of the genus Graphium tested for the nature of their red pigments. Total: 97. 
All possess red pigment of type A except that marked *, in which it is of type B. 
(Arranged according to The Macrolepidoptera of the World.) 


| Region Group Species 
Palaearctic Antiphates | podalirius L.*, podalirinus Ob., agetes Westw., stratiotes | 
and Indo- Gr. Sm., nomius Esp., aristeus Cr., rhesus Bdv., dorcus | 
Australian Dehaan. 
Codrus macleayanus Leach, weiskei Ribbe, empedovana Corbet. | 
Eurypylus | cloanthus Westw., sarpedon L., mendana G. & S., doson | 
Flidr., evemon Bdv., eurypylus L., meyert Hopft., mac- | 
farlanei Btl., agamemnon L., meeki Roths., arycles Bdv. | 
Wallacei wallacet Hew., browni G. & S., hicetaon Math. | 
African Ridleyanus | ridleyanus White. 
Pylades endochus Bdv., pylades Fab., morania Angas. 
Tynderaeus | cyrnus Bdv., tynderaeus Fab., latreillianus Godt. 
Leonidas leonidas Fab., levassori Ob., hachei Dew., ucalegon Hew., 
fulleri Gr. Sm., agamedes Westw., adamastor Bdv., | 
almansor Honr., uganda Lathy, philonoe Ward. 
Policenes evombar Bdv., gudenusi Rebel, antheus Cr., policenes Cr., | 
sisenna Mab., polistratus Gr. Sm., junodi Trim., porthaon 
Hew., colonna Ward. 
Kirbyi illyris Hew., kirbyi Hew. 
American Lysithous pausanias Hew., microdamas Burm., protodamas Godt., | 
phaon Bdv., euryleon Hew., -harmodius Dbl., trapeza 
R. & J., xynias Hew., ariarathes Esp., ilus Fab., 
branchus Dbl., belesis Bates, thymbraeus Bdv., lysithous 
Hb., asius Fab. 
Marcellus marcellus Cr., marcellinus Dbl., celadon Luc., zonaria Btl., 
philolaus Bdv., xanticles Bates, oberthuert R. & J., 
arcesilaus Luc., epidaus Dbl., bellerophon Dalm. 
Protesilaus | agesilaus Guér., glaucolaus Bates, molops R. & J., pro- 
tesilaus Fidr., helios R. & J., orthosilaus Weym., earis 
R. & J., stenodesmus R. & J., telesilaus Fldr. | 
Thyastes thyastes Drury, dioxippus Hew., lacandrones Bates, 
calliste Bates, leucaspis Godt. 
Dolicaon serville Godt., columbus Koll., orabilis Btl., salvini Bates, 
callias R. & J. 


is by no means a normal species of Graphium, and this in two ways which are 
unconnected with each other. Moreover, it is one of the very few Old World 
species of the genus in which vein 11 does not fuse with 12 on the fore-wings. 
In all, only 5 are known out of 87, though this condition is the more usual 
one in the American species. There is at least one other respect in which 
this species is abnormal : that is, in its distribution. It is the only European 
Graphium and almost the only Palaearctic one, except for a few typically 
Oriental species which have extended their range into the south-eastern corner 
of the Palaearctic Region. Hight of these are listed by Jordan (1908-9), but 
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in reality all are forms of Oriental species which may, in a few instances, have 
become specifically distinct. Naturally I would not suggest that podalirius 
should be removed from Graphium or even that it should be placed in a separate 
Group within the genus, but I am of opinion that it is a more isolated species 
than has hitherto been realised. 
The only other truly Palaearctic Graphium known is the rare podalirinus 
b. from Tibet. This insect is treated as a form of podalirius by Jordan 
(1908-9), but it is now regarded as a distinct species both by the authorities 
at the British Museum and by Bryk (1923-30). Doubtless this latter view is 
correct, for it always possesses red pigment and this is of a different nature 
from that found in podalirius, being of type A, as is to be expected in Graphium. 


Teinopalpus Hope, 1843. 


The only available species of this genus, 7’. imperialis Hope, is without red 
markings. There is, however, a yellow patch on the upperside of the hind-wings 
which, in the male, is generally flushed with a pinkish shade towards the 
costa. There can be no doubt that this is not due to red pigment of type A, 
for it is quite unaffected by exposure to hydrochloric acid. Apart from this 
fact; the amount is so small that its nature is not easy to determine. How- 
ever, it appears to be fairly soluble in concentrated nitric acid, like the yellow 
pigment surrounding it. Consequently, I suspect that it may be due to an 
intensification of this yellow pigment, not to the presence of pigment B. 


Parnassius Latreille, 1805. 


The Parnassius species are treated as members of a single genus by Stichel 
(1907) and by the authorities at the British Museum. On the other hand, 
Bryk (1923-30) divides them into 3 genera (Kailasius Bryk, 2 species; Tadumia 
Bryk, 8 species; and Parnassius, 18 species), and this in a work in which the 
Atrophaneura and Graphium species are not even distinguished from Papilio! 
The Parnassius species certainly fall into groups, but there appears to be no 
justification whatever for separating them into distinct genera. Mr. G. Talbot 
informs me that he is strongly of opinion that these species constitute a single 
genus only. Considerable doubt exists as to the specific status of some of the 
forms. Bryk (loc. cit.) lists 28 species.2 I have examined all of them that 
are marked with red, amounting to 25,4 and I find that without exception 
they possess pigment A. - 

Throughout the genus the scales are extraordinarily impermeable, so that 
many minutes elapse before the red coloration is affected by hydrochloric 
acid gas. I have never encountered such a delayed reaction in any other 
group of the Lepidoptera, though it is approached by the Zycarnipan. That 
it is due to the nature of the scales, not to a difference in the red pigment, is 
attested by the fact that a similar delay occurs in the response to ammonia 
of the anthoxanthins which the Parnassius species invariably possess (Ford, 
1941). These are derived from the food plants and must be wholly unrelated 
to the red pigments. Furthermore, when making neuration preparations by 
means of Hau-de-Javelle, it is more difficult to decolorise and remove the 
scales in Parnassius than in any other genus of the family. 


3 Treating the American smintheus Dbl. as a form of the Palaearctic phoebus Fab. 


(= delius auct.). ~ as 
4 Those lacking red pigment are: mnemosyne L., stubbendorfi Elw., and nordmannt 


Mén. (with yellowish spots). 
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The remaining genera of the PAPILIONIDAE. 


All other known species of the PaprtiontpaE that are marked with red, 
amounting to 15, owe this colour to pigment A. These are distributed among 
8 genera, as follows: Huryades Felder (L. duponchelt Lue. and E. corethrus 
Bdy.); Cressida Swainson (C. cressida Fab.); Liihdorfua Criiger (L. puzilor 
Ersch. and L* japonica Pryer); Bhutanitis Atkinson 1873 [= Armandia 
Blanchard 1871 praeoce.] (B. thaidina Blanch., B. lidderdaler Atkinson, B. 
mansfieldi Riley, B. ludlowi-Gabriel); Sericinus Westwood (S. telamon Don.) ; 
Zerynthia Ochsenh. (Z. cerisyi Godt., Z. hypermnestra Scopoh, Z. rumina ia; 
Hypermnestra Ménétriés (H. helios Nick.) ; Archon Scudder (A. apollinus Hbst.). 

The two remaining genera contain no species possessing red pigment. 
These are Baronia Salvin, and Lamproptera Gray. 


3. ADDITIONAL INFORMATION ON THE ANTHOXANTHINS. 


(This Section extends the data given in the first paper of this Series : Ford, 
1941, Section 4. References to previous results apply to that work.) 


Troides Hb. 


I have already shown that anthoxanthins are absent from this genus, 
having tested 19 species without finding them. I have now examined two 
more (7. magellanus Feld. and 7. andromache Stgr.), and neither of them 
possesses these pigments. 


Atrophaneura Reakirt (= Polydorus Swainson, praeocc.). 


Anthoxanthins do not occur in any of the Old World species of Atrophaneura, 
of which I had studied 23 (omitting zaleucus Hew., see p. 94), though they 
are found, in small quantities only, in 13 out of 28 American species (omitting 
the genus Battus, see p. 94). I have now examined 8 additional species of 
Old World Atrophaneura (A. ktihni Honr., A. sycorax Gr. Sm., A. polla de 
Nicév., A. hedistus Jord., A. crassipes Ob., A. febanus Fruh., A. mariae Semp., 
A. schadenbergi Semp.). As expected, anthoxanthins do not occur in any of 
them. Practically all suitable species that are known have now been tested. 


-Battus Scopoli (see p. 94). 


I had already examined 9 species of this genus (treating it as the Poly- 
damas Group of American Atrophaneura), and demonstrated that none contains 
anthoxanthins. I have lately studied 3 more (B. philetas Hew., B. polystictus 
Btl., and B. lycidas Cr.) with similar results. The total number known is 14, 
but in two of the species (B. zetes Westw. and B. eracon G. & 8.) the pale areas 


are of rather a deep yellow shade. The ammonia test is therefore inapplicable 


to them, and they are too rare to allow of a number of specimens being sacri- 
ficed for extraction with ethyl acetate. We may feel fairly confident, how- 
ever, that they will give a negative reaction when sufficient material becomes 
available for this purpose. It may reasonably be assumed therefore that 
anthoxanthins do not occur in the genus Battus. 


Papilio L. 
Anthoxanthins are wholly absent from the great genus Papilio, of which 
I had tested 116 species. This sample did not include the rare and remarkable 


~ a 
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Papilio elwesi. Leech, from which I now find that anthoxanthins are also 
absent. 

Talbot (1939) has separated four small groups of Papilio, comprising 9 
species, as a distinct genus, Chilasa Moore, 1881. This procedure, which I 
have not adopted, is discussed in my next paper. I have tested 8 of these 
species for anthoxanthins and find them absent from all (P. toboroi Ribbe is 
unsuitable for study, as it is not marked with white or pale yellow). These 

Chilasa ’’ species are included in the total for Papilio. 


Graphium Scopoli. 


I have already demonstrated that the genus Graphiwm (= Cosmodesmus 
Haase, 1892) contains predominantly species possessing anthoxanthins (82 out 
of 92). Seven of the 10 exceptions were closely allied. They comprise 5 out 
of the 7 species tested in the Marcellus Group, as well as the two species placed 
next to it on either side (@. asius F. and B. agesilaus Guér.). The other 3 
exceptions were scattered widely. 

_ Ihave now examined 19 additional species of Graphiwm for anthoxanthins, 
with the results given in Table 5. It will be seen that anthoxanthins are present 


TABLE 5, 
Species of Graphium tested for anthoxanthins, additional to those listed by Ford, 1941 


(Table 8). All possess these pigments except those marked *. 
Region Group Species 
Palaearctic | Antiphates | podalirinus Ob.* 
and Indo- | Payeni payent Bdv.* 
Australian | Codrus empedovana Corbet. 
Eurypylus | doson Fldr., evemon Bdv., macfarlanei Btl., arycles Bdv. 
African Tynderaeus | tynderaeus F. 
Leonidas fulleri Gr. Sm., uganda Lathy. 
Policenes colonna Ward. 
Kirbyi illyris Hew.* 
American Lysithous | microdamas Burm. 
Marcellus marcellinus Dbl.*, xanticles Bates.* fi 
Protesilaus | helios R. & J., orthosilaus Weym., earis R. & J., calliste |- 
Bates. : 
ce 


in all of them but five. The first of these, G. podalirinus Ob., is allied to G. 
podalirius L., from which I have already shown that anthoxanthins are absent. 
The second, payeni Bdv.,® belongs to the Payeni Group, including gyas Westw. 
from which I had also shown that anthoxanthins are absent. This Group is 
sufficiently distinct to have received the generic name Meandrusa Moore, though 
to separate it as a genus would be wholly misleading. It contains only these two 
species, for Mr. A. G. Gabriel informs me that hercules Blanch., sometimes 
regarded as specifically distinct, is but a form of gyas. In this Group vein 11 is 

8 This species is of too deep a shade of yellow for the ammonia test to be trustworthy. 
I therefore examined two specimens by extraction with ethyl acetate and found no indi- 
cation of anthoxanthins. I should gladly have used more individuals had these been 
available. However, a positive result is obtained by this method with a single specimen 
of G. antiphates Cr., a smaller insect than G. payent. It seems fairly certain therefore that 
anthoxanthins are absent from the latter species. 
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free. The tarsal claw bears a tooth in or behind the middle, and the male 
scent-fold is weakly developed. The wings are densely scaled and the antennae 
relatively short. It is noteworthy that gyas and payeni, which form rather 
a distinct Group of Graphium on structural grounds, should both lack antho- 
xanthins, and in this respect also differ from the majority of the genus. 

Graphium illyris Hew. is a surprising exception. It is the only known 
African Graphium (out of 27 tested) in which anthoxanthins do not occur in 
the white or pale yellow areas of the wings. They are, as expected, present in 
the related G. kirbyi Hew. On the other hand, the two remaining exceptions, 
G. marcellinus Dbl. and G. zanticles Bates, both belong to the American 
Marcellus Group, from which anthoxanthins are usually absent. 

A few points deserve special notice in regard to the 14 additional species 
which possess anthoxanthins. Graphium empedovana Corbet ® is difficult to 
test, as white or pale yellow pigments are required for this purpose. How- 
ever, some specimens are suffused with whitish, and in these anthoxanthins 
are clearly to be detected by means of the ammonia method. In G. colonna 
Ward anthoxanthins can be demonstrated at the tip of the tail (elsewhere on 
the wings the pale areas are scaleless and coloured by interlaminar pigment). 

The species of the Protesilaus Group present an interesting series. Both 
G. orthosilaus Weym. and G. earts R. & J. possess anthoxanthins only in the 
yellowish spots proximal to the tails: the amount seems to be rather greater 
in the latter species. These pigments are, however, absent from the pale 
yellowish ground-colour of the rest of the wings. In respect of anthoxanthin 
content, orthosilaus and earis, in that order, therefore occupy an intermediate 
position within the Protesilaus Group; between G. agesilaus Guér., in which 
anthoxanthins do not occur, and the remaining 6 species (including the recently 
tested G. helios R. & J.), in which they are present in the pale ground-colour 
of the whole wing-area. Their quantity appears to be small in G. glaucolaus 
Bates, G. molops R. & J., and G. stenodesmus R. & J., intermediate in amount 
in G. telesilaus Fidr., and large in G. protesilaus Fldr. The species of this group 
are extremely similar in appearance. G'. agesilaus is indeed the only one of 
them which is even easily separable, for the red line on the underside of its 
hind-wings is edged with black distally, while in all the other species the black 
edging is proximal. It is very noteworthy that agesilaus, which has long 
been recognised as the most distinct of the species on account of its colour- 
pattern, should also be the most exceptional on chemical grounds, being 
without anthoxanthins. 

Since there is little indication from structure to suggest the order of the 
species in the Protesilaus Group, they may reasonably be arranged with respect 
to their anthoxanthin content. This will give the following series: agesilaus 
Guér., orthosilaus Weym., earis R. & J., glaucolaus Bates, molops R. & J., 
stenodesmus R. & J., telesilaus Fldr., protesilaus Fldr. Where the amount of 
anthoxanthin is approximately the same (e.g., glaucolaus and molops) I pre- 
serve the sequence adopted by Jordan (1907-8). He starts the series with 
agesilaus. This is appropriate also on chemical grounds, since it places that 
species, which is without anthoxanthins, next to the Marcellus Group from 
which anthoxanthins are usually absent. : 


Liithdorfia Criiger, 1878. — 


__ It appears that L. japonica Pryer should be regarded as a distinct Species 
instead of a form of L. puziloi Ersch. (see Rothschild, 1918). It does not 
possess anthoxanthins. . 3 


° empedovana Corbet = empedocles Fab. (praeoce. empedocles Cram.). 


J] 


a 


of pigments in the Lepidoptera. 103 


Bhutanitis Atkinson, 1873. 


I have now had the opportunity of examining the unique specimen of B. 
mansfieldi Riley; also examples of B. ludlowi, a species recently described by 
Gabriel (1942) from north-east Bhutan. Anthoxanthins are absent from both, 
as they are from the well-known B. lidderdalei Atkinson and B. thaidina 


Blanch. 
Euryades Felder, 1864. 


It has become necessary to revise my previous conclusion that antho- 
xanthins are absent from Huryades. This genus contains two known species 
only: E. corethrus Bdv. and E. duponcheli Luc., both from South America. 
The males alone are available for study, the females being dull brownish 
insects. I now find that anthoxanthins are present in F. corethrus, though in 
very small quantities. They are especially difficult to demonstrate, since even 
in the males the yellow areas are of rather a deep shade. Their presence first 
became apparent to me on examining by the ammonia method particularly 
fresh and pale specimens in the British Museum. Subsequently, close inspec- 
tion has enabled me to detect them by this method in all good specimens that 
I have studied. Four specimens only were available for extraction with 
ethyl acetate. These did not provide enough of the pigment to give a detect- 
able effect. This was not unexpected. A single specimen of Graphium 
antiphates Cr. contains only just enough anthoxanthin pigment to give a 
positive reaction. But, judged by the ammonia test, the quantity found in 
that species is much greater than in Euryades corethrus. It might perhaps be 
necessary to use a dozen or more of the latter in order to demonstrate its 
anthoxanthins by the extraction method. 

The significance of this discovery will be discussed in the next paper of 
this series. I have obtained no indication that anthoxanthins occur in 
E. duponcheli.. Since its yellow markings are, if anything, paler than those 
of Z. corethrus, this negative evidence is probably trustworthy. 


The additional information on the distribution of anthoxanthins in the 
PAPILIONIDAE given in this Section accords very well with that already obtained 
(Ford, 1941). These two sets of data are combined in Table 6, p. 104, which 
provides a complete summary of this subject, as well as of the distribution 
of red pigments in the family. 


4. DIScUSSION AND SUMMARY. 


The data presented in this paper may now briefly be reviewed. I have 
studied the red pigments of 360 species of the PapILIoNIpAE, as well as of a 
number of forms and varieties in the Memnon Group of Papilio, and find 
that only two types occur among them. These are distinguished as “A” and 
“B” (see pp. 93, 94). The distribution of these two pigments is strictly 
related to the present classification of the family. Pigment A is found in all 
red-marked species of the PApILIoNIDAE save in the genera Battus and Papilio, 
where it is replaced by pigment B. I have encountered three exceptions only. 
Papilio rwmanzovia Eschsch. and P. deiphobus L. possess pigment A, instead 
of B which is characteristic of their genus; while in Graphiwm podalirws L., 
the red spot at the anal angle of the hind-wings is, when present, due to pig- 
ment B, not to A as expected. 3 


va 
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I had already examined the distribution of anthoxanthins in 332 species ‘ 
of the Paprtionipak (Ford, 1941) and shown that their distribution is closely 
related to the classification of the family which had been devised on purely 
structural grounds. The additional data given in Section 3 of this paper 
comprise a further 36 species, and the results of studying them are in close 
accord with those already obtained. In all, 368 species of this family have 
now been examined for anthoxanthins. 


TABLE 6. 


The occurrence of anthoxanthins and of two types of red pigment in the PAPILIONIDAE 
(for Battus, see pp. 94, 100, and for Atrophaneura, see pp. 94, 96, 100). 


Genus Species 
anthoxanthins red pigments Total 
known in q 
- : present | absent type A. | type B; PUeSaus 
Teinopalpus B : —_ 1 — = 1 
Papilio . P : ; = 117 2 105 198 
Lamproptera . eens oo — —_— — 2 
Graphium 96 15 96 1 136 
Battus — 12 — 13 14 
Trowdes c — 21 21 —_ 26 
Atrophaneura 
(Old World) . — (31) (39) — (41) 
(New World) (13) (16) | ~~ (48) — (46) 
Total . 13 _ AT 82 _— 87 
Cressida . oa 1 1 a 1 
| Buryades — wet 1 2 — 2 
Zerynthia — 3 3 — 23 
_Bhutanitis — 4 es — 4 
Sericinus — if 1 = if 
Liihdorfia ee 2 D) — ~S 9 
| Hypermnestra . — 1 1 2z =f ~ 
| Parnassius 28 — 25 — 28 
| Archon = i; 1 = l 
| Baronia . = iL = a x -{ 
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PAPILIONIDAE both on structural and chemical considerations in the ensuing 
paper of this series (which is already written), so far as these can be reflected 
in a linear order. Though a linear arrangement is essential for practical 
purposes, its drawbacks are well known. It is of course impossible by this 
means to demonstrate affinity correctly in a series containing diverging groups. 
Thus the genera Teinopalpus and Papilio, on the one hand, and Lamproptera 
and Graphium on the other belong to two branches representing parallel 
evolution from some Atrophaneura-like ancestor. Since Teinopalpus and 
Papilio are the more specialised, they are placed first, but it must not be 
supposed that Lamproptera and Graphium are intermediate between them and 
the genera which follow. Further, from one point of view, the ZERYNTHIINAE 
should immediately follow the Paprirontnax, having more features in common 
with that subfamily than have the ParNassnNaE (which the ZERYNTHIINAE 
should therefore precede). From another, the PARNASSIINAE should be placed 
before the ZERYNTHIINAE, being the more specialised. It will be seen that I 
have in fact placed the ZeRYNTHTINAE before the PaRNassIINaE, but it is 
really immaterial which of the two arrangements is adopted, since neither 
can reflect the actual condition. For here we are dealing with divergent lines 
the relationships of which cannot be represented in series. 

The PAPILIONINAE is not only the largest but the most diversified of the 
subfamilies. Thus it contains both the most specialised and the most primitive 
of the genera (Teinopalpus and Huryades respectively), yet these are so 
naturally connected by intermediates that they cannot be placed in separate 
subfamilies. The ZERYNTHIINAE and the PARNASSIINAE, on the other hand, 
are far more uniform, while the species which once bridged the gaps between 
them and the primitive Papitiontnaxr no longer remain. In a linear order 
these two subfamilies must be placed—after the PAprLiontnaE, which have 
attained to a higher degree of specialisation than they. Thus they follow 
Cressida and Euryades, though these are the two most primitive genera of the 
entire family. - 

The position of Baronia is arbitrary. Its early stages are unknown, so 
that we are not in possession of the data required to decide its affinities. I 
may, however, anticipate my next paper by saying that it is probably less 
closely related to the Parnassttnak than has heretofore been assumed. 

It will be apparent that the numerous forms of Papilio which mimic species 
of Atrophaneura employ a red pigment which is chemically different from that 
of their models. Thus Atrophaneura aristolochiae Fab. and A. hector L. are 
models for two female forms of Papilio polytes L. (polytes and romulus Cr. 
respectively), the female Papilio torquatus Cr. is a fine mimic of Atrophaneura 
tros Fab. and copies its habits (Jordan, 1907-8, p. 30), while the Anchisiades 
Group of Papilio contains beautiful mimics of American Atrophaneura. Many 
similar instances exist. According to Punnett (1915), mimicry is due to 
parallel mutations in models and mimics, the same gene evoking the same __ 
set of characters in each: a suggestion revived by Watkins (1935). Clearly — 
this concept cannot be sustained in view of such evidence as that provided — 
here, demonstrating the proposition, which should be clear on other 
grounds also, that mimetic resemblances are in general purely superficial. 
There is, in fact, good reason to suppose that mimicry, whether unifactorial 
or not, is produced gradually by selection (for a further discussion of this 
subject, see Ford, 1937). 
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REDUCTION OF SEGMENTATION IN THE COLEOPTERA 
By Gilbert J. Arrow, F.Z.8., F.R.ES. 


In his paper entitled “ A case of progressive Evolution which, if uncontrolled, 
would lead to extinction,” Dr. Jordan has mentioned different degrees of con- 
solidation of the abdominal sternites in Adephaga, Heteromera, Lamellicornia, 
Rhynchophora, ete. As the relationship between these different branches of 
the Coleoptera is extremely remote and they in no sense represent successive 
evolutionary stages, it seems that the process of consolidation, the very 
simple process of the hardening of the intersegmental membranes, has occurred 
many times in beetles. Kolbe’s view of it as a gradual progression from the 
anterior end of the abdomen therefore needs separate investigation in each 
group. 

The Lamellicornia provide excellent material for such an investigation, 
since they exhibit many degrees of flexibility in the abdomen. In primitive 
forms such as the GLAPHYRIDAE and Pachypus the abdomen is completely 
flexible, in most there is more or less consolidation and in Melolontha and many 
genera related to it the sternites are almost completely fused together. Some- 
times all trace of the original segmentation has disappeared along the middle 
line, although it is always distinct at the sides, but the last sternite remains free 
and, as always, the membranous attachment of the abdomen at its base to the 
thorax is unaltered. 

In the CoprINakE a condition similar to this has been attained, no doubt 
independently, since the two groups are widely separated. The genus Scara- 
baeus seems to have reached the maximum consolidation, for the last sternite 
has here become inseparably united with the preceding one, so that the anal 
opening is controlled by the last tergite (pygidium). 

In Geotruprinak (e.g. Bolboceras) the basal sternites and the terminal 
one remain movable but some intermediate ones are not free. 

The Lamellicornia therefore give no support to Kolbe’s theory that solidifica- 
tion has taken place progressively from the base onwards, the evidence seeming 
rather to show that it has begun in the middle of the abdomen. : 

It is not clear why Dr. Jordan considers the corresponding process in the 
Rhynchophora, which he says evidently presents a case of Orthogenesis, to be 
directed towards extinction by the sealing up of the anal orifice, since he finds 
the most advanced stages in the ancient ANTHRIBIDAE and ATTELABIDAE and 
the least advanced in the highly specialised PLarypopipar. He even sees a 
foreboding of approaching extinction in the number of species of ATTELABIDAE, 
which he puts at little more than 300; but, since ATTELABIDAE are found in 
very great numbers in most parts of the world, his apprehensions seem rather 
unnecessary. He writes: ‘As the innate trend or urge to connation .. . 
has been able to . . . solidify terga 1 to 6, it is not likely that the activity of 
this force has been or will be definitely stopped at the base of sternum 7 and the 
pygidium. However, if the connection of the pygidium either with tergum 6 or 
sternum 7 became inflexible there would be no opening.” 

This conclusion is not strictly correct, for the complete chitinisation of all 
the intersegmental membranes would not seal up the anal opening but only — 
remove the mechanism for closing it. The fact that the process of consolidation 
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has in every case left this uninterfered with seems to indicate that it has stopped 
at whatever point the conditions of life have required. 

The reduction of the segmentation of the abdomen in beetles should surely 
be regarded as a continuation of the hardening and compacting of the exterior, — 
which is especially characteristic of the Coleoptera and has made possible their 
adaptation to such multitudinous and varied modes of life. The purposes 
achieved by the hardening process are no doubt many and the process has in 
each case been arrested at the stage best adapting the insect to its particular 
mode of life. The controlling factor, it is not difficult to realise, has been the 
“ survival of the fittest.” 


Se oe a 


Boox Notices. 


- British Beetles : their homes and habits, including chapters on how to identify, 
collect and study. By Norman H. Joy. Pp. xii + 143, 4 pls., text illust. 
Sm. 8vo. London (F. Warne) (1943). Price 7s. 6d. 


In 1933 Messrs. Warne & Co. published a popular handbook entitled 
“ British Beetles: their homes and habits.” The handbook was intended, in 
the author’s words, “ chiefly to encourage the study of the life histories . . . of 
British Beetles.” The present work is a reprint of the original issue, and does 
not vary from it. 


Military Preventive Medicine. By George C. Dunnam. 8vo. 3rd edition. 
. Harrisburg, Pa. (Military Publishing Co.), 1940. pp. xxvi+ 1198, 2 pls., 
329 figs. Price $3.75. . 
The first edition of this work appeared in 1930, and the present third edition 
was revised and published in 1940. It surveys the entire field of military pre- 
ventive medicine and hygiene, and contains a chapter on fly control, one onthe __ 
control of insect-borne diseases, one on mosquito control, one on the control of 
lice, and one on the control of other insects. ete <Sike a ; 
--——- The subject is treated in a general manner and is obviously intended for the 
use of medical officers in whatever part of the world military operations may 
The book is very well illustrated, particularly that 
pplication of measures aimed at preventing the spread of dise 
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PUBLICATIONS 


The Publications of the Royal Entomological Society are Transactions and 
Proceedings. 


The Transactions form an annual volume. The parts are issued irregularly 
throughout the year. 
The Proceedings are issued in three series: 


Series A. General Entomology 
Series B. Taxonomy 
Series C. Journal of Meetings 


Series A and B are issued in twelve parts, forming an annual volume of approxi- 
mately 240 pages. 

“The following information is supplied for the guidance of authors wishing to submit 
papers for publication in any of the Society’s journals. 


INTRODUCTORY | 


The Society is prepared to undertake the provision of a reasonable number of 
text figures. The original drawings for such figures must be supplied by authors. 
Such drawings or groups of drawings must be drawn to a scale which will permit 
of their reduction to an area of dimensions not exceeding 73 x 43’. In the case of 
the Proceedings Series A and Series B, authors are required to pay for the necessary 
blocks for the provision of plates, half-tone and coloured work. 

A uniform method is adopted for the citation of bibliographical references in 
the Society’s publications as follows: 


Smith, A., 1936, New species of Coccidae, Proc. R. ent. Soc. Lond. (B) 6 : 301- 


. 1936, New species of Coccidae, Trans. R. ent. Soc. Lond. 84 : 901-936. 


Titles of periodicals cited are to be abbreviated in the manner indicated in the 
World List of Scientific Periodicals, 2nd edition, 1934. 

Authors are entitled to receive 25 copies of their papers free of charge and may 
purchase additional copies provided that request be made before publication. 

Papers offered for publication should be sent to the Secretary, Royal 
Entomological Society of London, at 41, Queen’s Gate, London, S.W.7, and must be 
typewritten on one side of the paper only. Sufficient space must also be left between 
the lines for editorial corrections. 

The copyright of the Society’s publications is vested in the Society. 


TRANSACTIONS 


Papers offered for publication in the Transactions are considered by the Publica- 
tion Committee of the Society, which meets usually in the months of May and 
November. In order that papers may be considered at these meetings it is necessary 
for the manuscript and drawings for any illustrations to be in the hands of the 
Secretary fourteen days before the meeting of the Committee. : 

Papers of less than eight printed pages (approximately 7000 words) will not 
normally be accepted for the Transactions, and papers by authors who are not Fellows 
of the Society must be communicated by a Fellow. : 


PROCEEDINGS SERIES A AND SERIES B 

Papers submitted for publication in either Series A or Series B of the Proceedings by 
authors who are not Fellows of the Society may be accepted if they are communicated 
by a Fellow. Preference will be given to papers written in the English language, 
and papers of more than eight printed pages (7000 words) will not normally be 
accepted for publication in these journals. : 


PROCEEDINGS SERIES C | 
Series C is issued prior to every General Meeting. It contains abstracts of exhibits 
to be shown and communications to be made, together with the titles of papers 
accepted for publication. - F ; 
The annual subscription to Series A. General Entomology is £2 os. od.; Series B. 
Taxonomy, £2 0s. od. (single parts 4s. od.) ; and Series C. Journals of Meetings, 65. od. 
As from January 1936 the journal Stylops is continued as Proceedings Series B. 
Taxonomy. Copies of volumes 1-4 are available at £7 16s. od. each, post free. 
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